Using Reclaimed Asphalt Pavement (RAP) in asphalt mixes has become a common practice in many countries. Experience indicated that the recycling of asphalt pavements is very advantageous from different perspectives. Some of the advantages of utilizing RAP include conservation of asphalt and aggregate resources, conservation of energy and reduction in lifecycle cost [5, 6, 7] . In this study, the suitability of asphalt mixes using RAP was investigated. Three hot asphalt mixes were prepared following gradations recommended by the Egyptian code of specifications. Marshall Mix design procedure was used to determine the optimum asphalt content. The first mix was composed of 100% fresh aggregate and virgin asphalt, the second mix was composed of 25% RAP and 75% fresh aggregates and virgin asphalt, and the third mix was composed of 40% RAP and 60% fresh aggregates and virgin asphalt. The results indicated that the bulk density increase with the increasing of the percentage of RAP in mix B, while increasing in RAP results decreases in Air Voids and flow values. Furthermore, the stability is changed from 2325 lb for the control mix to 2175 lb and 1829 lb for mixes with 25% and 40% RAP respectively. Comparing the results of the conducted tests indicated that the use of RAP in Hot Mix Asphalt (HMA) was advantageous in all properties measured, but the results are acceptable by Egyptian code specifications. The results of Marshall Properties indicate that the amount of new binder that needs to be added to the RAP mixture can be reduced without significant effects on the quality of the produced mix. Therefore, it is preferred to use mixes containing RAP in highways with studied proportions [1] .
INTRODUCTION
The resulting materials during roadways maintenance and rehabilitation activities are usually known as Reclaimed Asphalt Pavements (RAP), which is normally produced by milling existing asphalt pavements or crushing materials resulting from old asphalt pavements removal. Since most of roadways are constructed using high-type bituminous pavements, RAP materials, if properly processed, will consist of high quality, well graded asphalt coated aggregates. RAP can be used in many highway construction applications as an aggregate substitute and asphalt cement supplement in recycled asphalt paving (hot mix or cold mix). In addition, it can be used as a granular base or subbase, stabilized base aggregate or as an embankment or fill material [9] . In the United States, for example, and according to documents published by the National Asphalt Pavement Association (NAPA), the Federal Highway Administration (FHWA) estimates that out of the 90 million tons of Hot Mix Asphalt (HMA) milled and removed each year, 90% is reused in highway applications in one form or another, including pavements, subbase and fill. About 1/3 of the 90 million tons is recycled into HMA [7, 10] . A number of researchers pointed out that the properties of the recycled mixtures are believed to be influenced by the properties of the aged binder in RAP and the amount of RAP in the mixture. They also indicated that the amount of RAP used in the recycled mixture depends on the type of hot mix plant being used for preparing the mix, environmental considerations and gradation of the aggregate in RAP, especially the material passing #200 (0.075 mm) sieve size. Due to the various and obvious advantages of using RAP, many state highway agencies are moving toward rising the percentages of RAP in their hot-mix asphalt pavements. RAP has been used in hot mix asphalt pavements in various percentages that reached in some cases up to 80%, and most usually from 20-50% [9, 11] .
Amongst various pavement recycling methods, hot mix recycling has certain advantages, such as, comparable performance to that of conventional mixes [1] and better quality control [8] . This is due to the fact that constituents are mixed under controlled conditions and it is possible to monitor mixing process continuously. In this process, less workspace is required for laying the recycled mix. Hence, this is suitable for the roads where the right-of-way is restricted.
OBJECTIVES
The main objective of the research is to evaluate the effects of partial replacement of aggregates by RAP on the mechanical response of bituminous mixtures are as follows:  To determine the basic engineering properties of the Virgin bitumen and Virgin aggregate and the basic engineering properties of Reclaimed Aggregate and binder after extraction and Recovery.  To carry out the blending of RAP and Virgin aggregates for 25% and 40% RAP content by Marshall design method.  To workout the economics of recycling of bituminous pavement materials, comparing with conventional virgin mixes.
STUDY APPROACH AND METHODOLOGY
In order to achieve the objective of this study, the following suggested approach was followed. Using the recommended gradation (3D), three different hot asphalt mixes were prepared and compared. The basis of assessment is to use standard procedures described by the American Society of Testing and Materials (ASTM), and the American Association of State Highway and Transportation Officials (AASHTO), to measure some properties of the three hot asphalt concrete mixes, and then to compare their properties. The proceeding text provides detailed description of the adapted procedure [2, 3, 4] .
MATERIALS AND METHODS OF TESTING

Fresh Aggregates and Binder
One coarse aggregate type (Crushed Dolomite), one fine aggregate type (Manufactured Sand (MS)), and one mineral filler type (Stone Screening Filler (SF)), and One type of asphalt cement was selected (Suez asphalt cement, 60/70 penetration) obtained from asphalt concrete mixing plant belongs to General Authority for Roads &Bridges and Land Transport (GARBLT) at Alexandria -Cairo desert Road with the properties described in the following sections, have been used in the study.
Reclaimed Asphalt Pavement (RAP)
The RAP for this study was obtained by processing millings from of maintenance operations carried out by the General Authority for Roads & Bridges and Land Transport (GARBLT) on the Alexandria -Cairo desert Road at Kilometer 90 approx, these maintenance operations performed on the wear layer which was constructed in 2011because appearance some structural defects on it led to these operations. Representative samples of reasonable sizes from the site were selected following the (ASTM C-702) test procedure. This procedure is crucial to reduce bias due to unforeseen factors that would affect measurements. In order to estimate the amount of asphalt in the RAP material, extraction test (ASTM D2172-95) was performed followed by sieve analysis of the clean aggregate [2, 3, 4] .
Tests for Material Characterization
Many laboratory tests have been conducted during the experimental work of this research, these tests have been divided into three categories the first category comprises the tests conducted to evaluate aggregate properties, second category is that tests followed to evaluate asphalt cement properties, and the third is that tests followed to evaluate reclaimed asphalt pavement (RAP) properties as follow;
Results of Tests for Material Characterization
Figure (1) shows the gradation of RAP aggregate and recommended gradation (3D). It can be noticed that RAP aggregate gradation is finer than the median recommended gradation (3D). This is mainly due to the crushing of the aggregates during the milling process, in addition to the aggregate wear that occurs during mixing, compaction and traffic serving of the asphalt concrete mix. Specific gravity and absorption of the RAP aggregate were calculated according to ASTM C127-88 (for coarse aggregates) and ASTM C128-97 (for fine aggregates) test procedures [2, 3, 4] .
Figure (1): Egyptian specified gradation limits, median gradation, and RAP aggregate gradation
Los Angeles Abrasion Test and specific gravity and absorption of coarse and fine aggregates were conducted on fresh and RAP aggregates (see table 1 ). Random samples were considered from the RAP for the laboratory tests. The RAP materials were subjected to solvent (benzene) extraction method by centrifuge extractor and the average bitumen content were found to be 3.75%. The asphalt cement of the extracted RAP used in this study was determined and subjected to standard laboratory tests mentioned above to determine its physical properties as shown in table (3). 
Preparation of the Asphalt Concrete Mixes
The gradation results of the RAP materials ( Figure 1 ) suggested that fresh aggregates should be mixed with the RAP material to meet standard recommended gradation. Three asphalt mixes were used to achieve the goals of this study. The first mix, called "Control Mix", was composed of 100% fresh aggregate and virgin asphalt; while the second mix, was composed of 25% RAP (aggregate and asphalt), and 75% fresh aggregates and virgin asphalt, and the third mix was composed of 40% RAP (aggregate and asphalt), and 60% fresh aggregates and virgin asphalt. Marshall mix design procedure (ASTM D1559), which is currently used in Egypt for asphalt concrete mix design, was used to determine the optimum asphalt content (that produces 4% air voids) for the asphalt mixes used in the study [2, 3, 4] . Marshall stability, flow, voids filled with asphalt and voids in mineral aggregate values were checked to verify that they meet the specification limits of Egyptian code.
RESULTS AND DISCUSSIONS
As mentioned before, Marshall Mix Design method was used in this study for two purposes first is to determine the optimum asphalt content for each mix and second to empirically evaluate hot asphalt mixes behavior or response. The optimum asphalt content for each mix was determined by selecting the asphalt content corresponding to each of; maximum density, maximum stability, and the optimum air voids (4%), then averaging these values as described in Table (4) . It is clear from Figure (2, 3, 4 ,5, and 6), Table (4 and 5) , and the statistical analysis that;
1. Mix A (with 0 % RAP) produces 6.90 % and 27 % higher Marshall Stability than that of mix B (with 25 % RAP) and mix C (with 40 % RAP), and this could be attributed to the angularity and roughness in the particles of the fresh aggregates which causes more stability for the mix if it compared to the roundness and smoothness of reclaimed asphalt pavement. 3. Fig (2) shows the bulk density values for various mixtures as a function of RAP content. In this Fig, the bulk density increases with the increase in RAP content, this indicates that; with the presence of RAP more dense mixes will be produced as compared with no RAP mixes and this effect appears clearly with the increasing in RAP content. 4 . Fig (4) shows the relationship between the percent of air voids and RAP content. It can be noticed that percent of air voids decreases with the increase in percent of RAP content. This is an indication that the old asphalt in the RAP aggregate do not act and the old asphalt in the RAP contributed with new asphalt cement (AC) and result in increasing the asphalt percentage in the produced mix. And this leads to a reduction in percent of air voids for compacted specimen and consequently the bulk density of specimen increases. 5. Fig (6) shows voids in mineral aggregate (VMA) against RAP content. It can be noticed that percent of (VMA) decreases with the increase of RAP content. This reduction in (% VMA) due to the decrease percent of air voids. 
